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Fjg. 1 .2.1 Cardiovascular responses to hydrostatic ca'npression of dependent




































Fig.1,2.2　　Schematic illustrationof the Gauer-Henry hypothesis. 0pen
arrows indicate an increase or stimulation of the variable，darkened arrows
































Fig.1.2.3　　Schematic illustrationof the thoracoabdominal statics at the
end of spontaneous expirations of a subject sittingin air(A)，in water up to
the xjphoid process (B)，and to the neck (C).The values are pressure in cr71
池0.Prc，Pdi，and Pabw indicate，rspectively，the average pressure across
















Fig.1.2.4　Experimental system f(ycomparison of lung capacity between

















Fig.1.2.5　　Schematic illustration of the effect of head－out water immersion
on distribution of blood between dependent regions of the body and thcx･ax.
The springs　indicate the　elasticity of　the lung　tissue，【kytted　areas:

















Fi尽.1.2.6　　Schematic illustration of the effect of head－out water immersion





























































Fig，1.3.1　　Experimental systems for comparison of physiologicalresponses
bet:ween exercise on land and in water.Schematic illustrationsrepresellt
tredmillrunninng on land (A)and in water (C)，shallow water running (B)，







































Fig.1.3.2　　Experimental systems for comparis(xl of physio40gical responses
between exercise on land and in water.Schematic illustratk)nsrepresent




































































Fig.1.4.1　　Recording of oversh(xyt phenomenon in central vslous pressure
































Fig.！,4.2　　Recording of muscle sympathetic nerve activttyduring standins














































































Table 2.1.1 1ncrementi exerdse protocols during waLkhg and running
-












































































士76mj/mjn : 7.7士1.6％，1425士191 : 37.2士2.8，2173士290 : 56.7士3.7)と水中





Table 2.1.2 CardioDuhnonary data at nlaxima】exerdses in incremental



























Mean士SD.Significant di汀erences between on land and





































































Rg， 2.1.1　HR(a)ajrld 02Pulse(b)responses during inclでmental exer℃ise
¨Λ¨alldstanding，steady states and at the end of exhaustive exerdse ¨B¨.
symbols and bars represent means士SD.Signlficant dlfferences between on












































































































exerdse l'AIl and standil719， steady states and at the end of exhaUstive
exercise　¨B¨.　Symbols and bars　represent means±SD.Slgnlficant


































































Flg，2.1.3　TV(a)and RR(b)responses during lncremental exerlse "A¨
and standing， steady states and at the end of exhaustlve exerdse l'B".
Symbols and bars represent means士SD.Slgnificant djfferences between
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80　100（％）
Rg. 2.1.4　bLA(a)，pAd(b)，and pNorad(c)祀sponses during exerdse on
land and in water. Symbols and bars represent means士SE.Slgnjflcant
















































































































































































































　陸上立位姿勢(standlng on land: STL)，剣状突起位(water immersiorl to ttle








Table 2.2.1　Pulmonary functions during standing on land (STL)and
-


























Va】ues are means土SD.Significance of difia'ences repasent，●:p＜0.05，
＊●:p＜0,01，＊＊●:p＜0.001.“(man士SD‘l)I refers to i chalge from

























Flg.2.2.1　％dlange in expiratory now (PEF，V75，V5o，V25)during
stalldllg on land (STL)and immerslon to the xiphoid (WIX)and to the
n(･ck(WIN).'I∠1％"resers to ％change from SrL calculated as ll[(lnwater
－on land)/on land]×100％I'.Symb01s and bars repn!sent means土SE.













































l匈.2.2.2　MVV(A)，TV-Mvv(B)，and RR-Mvv(C)during standjng on
tand(STL)and immealon to the xiphoid (WIX)and to the neck (WIN).
COlumns and bars represent means士SE.values are means士SE.




































Rg,2.2.3　％change in expimtory volume (FVC,FEV1.0,TV-Mvv)during
stalldjrgon land(STL)and immeislon to the xiphoid(WIX)and to the
neck(WIN).Symbols and bars reDresent means士SE.Signlficant djfト





































Rg. 2.34　　Relationships between TV-Mvv and explratory flow (PEF，
V75，V5o，V25)during standng on land (Sru arld immersion to the
xiphoid(WIX)and to the neck (WIN).Symbols and bars rep詑sent means


















月ｇ．_ふ2蚤　　Schematic陀presentatlonof Row-volume curve during























Hg. 2.2.6　Schematic repmsentation of tidalvolume curve of MVV
measurements during standing on land (srD　and immersion to the


















































































































曰g.2.3.1　　EXDerimental systems　of arm-cranking exerdse during























Ta1）le 2.3j　Changes in cardiorespimtory parameters during rests，一
submaxinml and maximal exerdses with （HOwD or without （Contro1）
headべ）utw71terimmersion
ｙ･･、































































VakJesaremeans士SEM.S1腐nlflcanoe af djffelslcs betw慢!zlHOWland（沁ntR31ralresent，’●:D＜0.05，●●:p＜0.011.
B.運動負荷時における諸測定値の比較























































































坦g，2.3.2　Changes in v02(1eft)aJld HR(right)during rests，submaxin匍
constanL mte exerdses with (HOWDor without(Contro1)headづ:)ut
















日g.2.3.3　Relationships between vo2 and HR dtlringrests，submaximal
and maximal exerdses with (HOwl)or wlthout(ControD head-out water


































































Flg.2.3.4　Absolute an（1rdatlve power of low frequency （LF），high
fre（luency（HF），their ratio （L/H ratio），and total power （TP）during
sitting　rests　with（HOWI）or　wlthout（ContmD　head-out　water
jmmersion.Cohlmns and bals represent means±SE.Signmcance of
differenCeS from ReSt-1 repn2sent,II。:pく0.05，b: pく0.0111.SignlnCant
















































































旦11_2.3.5　Absolute（1eft）and relatlve （right）power of LF， HF，L/H
ratjo，and TP during constant rate exerdse with （HOWI）or without
（Contml）head-f）ut water lmmersion. Columns and bars represent means










































































































































































Fig，2.4..!_　Experimental design of isom(ごtrickl徊≧extension exerdse



























Rg. 2.4.2　Experimental protocoon isometric knee extension exerdse








































耳ｇ．２濯j　Tension of a knee extension and arterialblood pmssu犯




















































　　　　　【ﾖ01deronland　　■oldefjnwaler　oYoung ollalld　図Young il waler
Fig.2.4yt　R!ak blood pressure during isometrlc knee extenslon exercise
with or without head-out water immerslon. COlurnns and bars represent
means士SE.Significant　dlfferences between on land and in water
















Table 2.4.1 Changes in avemge blood pressure （BPloぺ3o）during
submaximal isometric knee extension exerdse with （HOWD or without











































































































































































va]ues are means士SEM.Signlflcajlt differencle9 between HOWl and Control represent，






















Fig. 2.4.5　　　Heart rate responses during isometric knee extension
exerdse with or with〔〕uthead-out water lmmerslon.Columns and bars
nﾖ!present means士SE.Slgnincant diffen2nces between on land and in





































































































































































































Rg.2.5.1　　Surlμcal preparatlon and cxperimental system of mpid















































































































































Rg.2.5.2　Changes in baseline of MAP， HR,and CVP under 4 condtion.






















































































































Flg.2.5.3 Changes ln CVP, MAP,and HR with nlpid immersion. Symbols
and　ban3　repri!sent　means士　SE.　Signiflcant　differences　from
pre-lmmersion value represent， ¨a:p＜0.05，aa:p＜0.001，鳥la: p≪0.01¨.























































































Flg， 2.5.4　　Changes in CVP， MAP，and HR with rapld emersion.
Symbols and bars rep詑sent means士SE.Significant djfferences from
pre-emerslon va1Ue represent， I'翁:pく0.05，aa: p＜0.001。aa●: p<0.01"，

























































































































































































































Fig.3.1，1　Effects of upright posture and of upright exercise on pressure
and volume in dependent veins (Upper).From Rowell(1983).Schematic
representation of muscle pump effects on central venous pressure (Lower).
　Ljne C→E mean effects orl CVP when CO is changed during graded















































Schematic illustration of differences in a比eredvO2－HR
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